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Description 

The present invention relates to an electrolyte having ionic conductivity which can be used »or electrolytic cells, 
especially rechargeable batteries (also referred to in the literature as secondary l« tt eries)^le^r^ d^s^ 
andsensors. to electrolyte precursor oligomers, and to combination of such electrolyte °«9™" 
trvity with appropriate supporting matrices. It further relates to processes for preparing certain of the electrolytes and 

^Several disadvantages are known to electrolytic cells which comprise, as electrolyte, a solution of a conductive 
salt in a polar solvent (In the present specification and claims, ■conductivity' relates to 'ionic conductivity, not elec- 
tronic conductMiV). Cells which contain liquids of rather low viscosity may be subject to leakage. Cells which contain 
volatile liquids have potential problems with toss of solvent as vapor. Liquid electrolytes of this type may also be subject 

to instability upon over-charging. " 

In contrast, an electrolytic cell containing a nonvolatile, somewhat viscous 
is desirable in the construction of electrolytic cells, rechargeable battenes. electrolyte capacitor* and thelike. as 
fabrication ease is enhanced, and unusual shapes and sizes may be P^^^^^^S!^ 
aboveHnenttened problems with liquid electrolytes. For best results, the electrolyte, possibly in combination with a 
support matrix, should exhibit good mechanical properties, such as light weight with retention ^ru^overarange 
of temperatures. Another desirable property is ease of fabrication, such as by 

Many attempts have been reported to prepare electrolytes free from solvents, which electrolytes wouW maintain 
attractive conductive properties at room temperature, along with the other desirable features enumerated l^rabut 
JSS > proved I completely satisfactory. One problem is that to compete with liquid electrolytes, the conductivity 
of the solid electrolyte must be high enough to provide useful electrolytic cells. . . . 

It is known to the art that polymers of ethylene oxide (PEO) have attractive properties as substrates for tonic 
conductors but require plasticizers or solvents such as propylene carbonate or ethylene carbonate to function ade- 

Serences occur to such poiymers wHh one or both ends 
hjnctionalrty. such as a (meth)acrytoyl group; these polymers may be then polymerized into a solidified form, usually 
with crosslinkinn or formation of a three-dimensional network. 

Bauer etal U S Patent 4.654.279, discloses a two phase interpenetrating network of a mechanically supportive 
chase whfchfea" crosslinks network and a tonic conducting phase which is a liquid 1 ,2-ooty(alkylene oxide) «mptexed 
with a suitable metal salt Although yielding serf-eupportive films, the polymers of -279 will be prone *Jhelmown 
degradation of the metal rorvpoty(alkytene oxide) combination on recycling and to ^ r "*^Jl^JJ 
poMalkviene oxide) win be water-sensitive. Further, the combination is not capable of extruding or molding into ther- 
mic objects, but requires thermosetting conditions which immobilize the network towards f urtherthermal process- 

selvaraj etaL J. Electrochem Sec.. 142, 366 (February 1995) teaches a poly(meth)acrylate with ^tt™ 0 ^ 
side chains (calve units of ethylene oxide per chain) as suitable, when complexed with an apprcpnatelrm^ eatt. 
Ta conductive, non-crosslinked. water-insduble polymer where no prizing solvent fc ^f^SSSSi 
polymer is described as having a glass temperature (T 8 ) of -26.5 and a molecular welghl i*™****?**' 
Sthina matrix having so relatively high a glass temperature win be insufficient for obtamrng the high conductivity 

to ' r ttort^s e Sw27.639, discloses a lithium salt-doped polymer obtained by crosslinking an organic 
compound of the general formula (using his notation) 

Z-RtVCEpMk 

where Z is the residue of an active hydrogen compound selected from certain alcohols, amines, and phenols. A is 

.(-CHs-CH-O). 
I 

where n is an integer of 0 to 25 and R is C,-^ alkyl. alken* aryl. or ^'^^Z^^^l 
an alkylene having two or more carbon atoms. Y is an active hydrogen or a polymenzabte functional groupj k js an 
integeTof 1 to 12. m is an integer of 1 to 250; and p is an integer of 1 to 450. Noda prefers a molecular weight of the 
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organic compound below 50,000. Noda teaches his crosslinked polymer to be useful as a component of an electrode 
or the electrolyte of a galvanic cell. Noda discloses good storage capability for such galvanic cells, but does not disclose 
in more than qualitative language the extent of improvement in low temperature conductivity lor the complexed lithium 
ion. Noda requires his organic compound be crosslinked, which is not required for the oligomers of the present invention. 

Noda*s organic compound further differs in structure Irom the oligomers claimed in the present inven tion^ 

M. watanabe, Makrom. Symp. 105, 229 (1996) has disclosed with no experimental details a macromonomer 

CH 2 =CH-COO^H 2 ^HR 4 -(0-CH 2 -CH 2 -j w <>C 2 H 6 

where R4 is 

-CH 2 O-CH 2 -CH 2 -0-CH 2 -CH 2 -OCH 3 , 

■ 

which is reported to dissolve lithium trifluoromethanesulfonimide and then be polymerized photochemically to conduc- 
tive films. At U/O ratios of 0.02-0.08, the conductivity at 80°C, was 10* O-icm-i at 30°C, was 1(H ll^cnrr 1 . and at 0* 
C. was 10*n- 1 crrrV These polymers do not appear to be oligomeric in nature, and therefore should be less versatile 
than the combinations of the present invention. ._ ..^^ 

I have discovered a novel oligomer useful in such lithium (or other conductive metal salt-based) batteries, to which 
oligomer lithium or other conductive metal salt may be added at the time of formation or blended later tor improved 
conductivity and tor improved resistance to degradation of conductivity upon recycling or exposure to overvotegeJ 
have further discovered a combination of lithium (or other conductive metal) saWbligomer with a matrix polymer Mend 
composition, which matrix is a compatible or mlsctble blend of two acrylic polymers, at least one of which may also 

contain a salt which aids in conductivity. ^jk^ 
The term 'conductive metal eatl" in this specification refers to a component of a blend of an oligomer as described 
herein and a salt (or a mixture of satis) which is soluble in or miscible with the oligomer to form a conducting blend. As 
Gray. "Solid Polymer Electrolytes". VCH Publishsrs. 1991 . describes at page 116. "polymer electrolytes form when the 
salt consists of a polarizing cation and a large anion of delocalized charge to minimize the lattice energy. Highly 
preferred as cations are the lithium salts described herein, but other cations may be employed, as long as the salt 
meets the solubility criteria and the pligomer/metal salt blend is stable with respect to oxidation and/or reduction at the 

W ° ri oSercrttont may be those of the alkali metals, such as sodium, potassium, and the like; exemplifications of such 
salts are sodium tetraphenylboride. sodium iodide, sodium thkocyanate. potassium thlocyanate. rubidium todkte. and 
the like Other cations may also be employed such as alkaline earth cations, such as magnesium, calcium, and the 
like (as exemplified by calcium iodide, calcium bromide, magnesium peichtorate. magnesium trifluoror^thylsuBcanate, 
and the like): aluminum (as exemplified by lithium aluminum tetrachloride); and zinc (as exemplified by znc bromide, 
zinc iodide, zinc chloride, and the like). This list Is not Inclusive; other soluble metal salts may also be useful. e.g.. 
manganous bromide, lanthanum perchkxate. cupric triflijoromethylsurfonate. and the like 

Certain organic cations may also be employed as "metal cations" tor the purposes of this Invention, such as te- 
tralkylammonium salts, as exemplified by tetraethylammcnium tetrafluoroboride. tetrapropylammon.um hexafluoro- 
phosphkte, tetrabutylammonium peichtorate. tetramethylammonium trifluoromethylsulfonate. tetramethyrammonium 

bromide, tetraethylammontum phthalate. and the like. ™ : , ok ,u> „„» ^ 

In the following description and explanation, the term "conductive lithrum eatl" refers to a highly rcnizabte salt of 
lithium with a large counterion which is highly soluble in polar media. This description would exclude . e.g.. UF. UCI. 

and U9SO4, but include, e.g., UCt0 4 , UBF^ and UNlCFgSO^ ' . 

^conductive metal sarl/oltgomer blend may be admixed with the matrix composition to give a compatible Wend, 
or may be encapsulated or combined between layers of the matrix composition or preferably may be applied tothe 
surface of a thin film of matrix composition. Preferably the salt in both salt/oligomer A and matrix B is a lithium sail with 

a large anion, most preferably (because of solubility) LiNfCFaSOafe. . 

These compositions are useful in electrolytic cells, such as batteries with appropriate lithium-based anodes and 
cathodes Other known anodes and cathodes may also be utilized. If their electrochemistry is compatible with the 
conductive metal salt chosen for use In the electrolyte. I further have discovered a means for producng certain salt/ 
oligomer combinations, and also a method for preparing an article from the oligomer as applied to a thtn film or sheet 
0! the matrix composition, the article being employed as the electrolyte component of an electrolytic cell, such as an 
rechargeable battery. 

More specifically. I have discovered an oligomer, preferably non-ciystalDne. of the formula 
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R,-X-l(A)q-(B r )]-Z, 



wherein 

(a) R, is 0,-0,2 alkyl. CrC, 8 alkoxyalkyl. Ce-Cy aryl or alkaryl, or (CHa^^XDOR* where m is 1 or 2. and Ra is 

(by*- fe'2. -S-. -S(Oh -S(OW, -. -NH-. -NR3-. -NH-C(0)- NH-. -NR 3 -C(0)-NR3-. -NH-0(O)-O-. -NRg-C^hO-. 

0)R3CC(O)OR3, (»HC^(0)OR3. {>WCW*U* <»R3C-C(0)R 3 . (>)HOC(0)R» 

-PfJ -P(OH)0.. -P(0 R3)0-. -P(0) (OH>0.. -P(0) (ORaJO-. -O-PfOHJO-, -0+(ORfrO; 0-P<0) <0H)-O-, 

or -O-P(0) (O R3VO-; . . ... 

(c) (A) q comprises polymerized units of a monomer with functionality which is capable of complexmg with conduc- 
tive metal salts, preferably conductive lithium salts; 

(d) (B), comprises polymerized units of a monomer, whose polymerized units are not capable of complewng with 
conductive metal salts, Ie.. which polymerized units are not capable of oomplexing with conductive metal salts; 

(e) Z ie H or R,-X-; . _ 

(f) 4(Ay,-( B )J-- w" 80 r te not °> define eitn8r 8 block c&oli 9 omer or a random co-oligomer; 
(9) (q + r) = 1 to 25. q Is 1 to 25. and r is 0 to 24. 

I further have discovered a conductive metal salt/ oligomer blend, preferably noncrystalline, of: 
(a) f rom 80 to 95 weight percent of an oligomer of the foimula 

R 1 -XH(A)cHB r )hZ, 

wherein 

(1) R, is 0,-0,2 alkyl, 0,-0,2 alkoxyalkyl. Ce-Cy aryl or alkaryl. or -(CHa^-CCORa, where m ie 1 or 2. and R, 

W%.?!W. -SPV. -NH-. -NR3-. -NH-0(O)-NH-, NRyCP)- NRy. -NH-0(O)-O-. -WW^' 
> FUCC OjdR* (>)Hci(O)0R,. MfrCCfOtOf*. Off*"***. MH&CfOg* (SfSSft ™v 
ipRr. -P(0H)O.. -P<0 FbJO-, -PIP) (OHH>. -P(0) (O R3X>-. -0-P(OHH>-. -04>(0 R^O. <W>(0) (OH)- 

(3) (A^^rteeT^otymerized units of a monomer with functionality which is capable of oomplexing with 
conductive metal salts, preferably conductive lithium salts; _., jantan 

(4) (B) r comprises polymerized units of a monomer, whose polymerized units are not capable of complexmg 

with conductive metal sate; 

(5) H(A),-(B) r h when r ie not 0, define either a block cc-oflgomer or a random co-oligomer; 

(6) Z is H or R,-X-; 

(7) (q + r) = 1to 25. q is 1 to 25. and r ie 0 to 24. 

and 

(b) from 5 to 20 weight percent of one or more conductive metal salts, preferably a conductive lithium sal 

A preferred composition of the oligomer is an oligomer of degree of polymerization of the constituent (meth)aciylate 
monomers from 1 to 25 comprising: 

(a) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R,-S-. where R, is 0,-0,2 
alkyl. 0,-0,2 alkoxyalkyl. Oe-C 7 aryl or alkaryl. or -(CHg^-CCORa. where m is 1 or 2. and R, «< C£,j ; alkyl; 

(b) from 0 to 95 weight percent of polymerized units of at least one aery late ester monomer of the formula 

CHjsKJH-OCO-CHj-CHR-Ra. 

where R is H or CHg, and where Rjis H, 0,-Cao alkyl. or C^ao aryl. alkaryl. or aralkyl; _ 

(c) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of the formula 
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CH^FWXXKC^-CHRO)^. 

where n Is Uo 12. 

A preferred conductive salt/oligomer blend composition, that is. a blend of a conductive salt with an oligomer which 
blend is also conductive, is a blend of: 

(a) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (meth)acrylate 
monomers from 1 to 25 comprising: 

(1) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R r S-, where R, is G,- 
C 12 alkyl, 0,-0,2 alkoxyalkyl .C^ aryl or alkaryl, or -(CH 2 ) m -COOR 3 , where m is 1 or 2, and Rg is 0,-0^ 
alkyl; 

(2) from 0 to 95 weight percent of polymerized units of at least one acrylate ester monomer of the formula 

CH 2 =CH-COO-CH 2 -CHRfl 2 , 

where R is H or CH 3 . and where R 2 is H, C^-C^ alkyl, or C^O^ aryl. alkaryl, or aralkyl; 

(3) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of the formula 

CH 2 =CR-CCX>(CH 2 -CHRO) n -R 2 , 

where n is 2 to 12; and 

(b) from 5 to 20 weight percent of one or more conductive metal salts, preferably a conductive lithium salt. 

For the purposes of defining the present invention, the term oligomer refers to a tow molecular weight polymer, 
preferably non-crystalline, of degree of polymerization below 25 and further containing at least one chain-ending group 
which Is not hydrogen, but an alkyl, alkoxyalkyl, aryl, or alkaryl group or an alkyl group further bearing an alkyl ester 
group, which the alkyl group is from 1 to 1 2 carbon atoms, preferably from 4 to 8 carbon atoms. A degree of polymer- 
ization of poly(ethyl acrylate) of 25 is a molecular weight of 2500; a degree of polymerization of pc4y{2-ethoxyethoxyethyl 
acrylate) of 25 is a molecular weight of 4700; a degree of polymerization of poly{methyl(polyethylene glycol (350) 
methacrylate) of 25 is a molecular weight of 11 ,350. 

For further definition, a polymerized unit of a monomer may be an internal group or an end group of the oligomer 
or polymer. Thus a polymerized unit of ethylene oxide may be a -C^-CHa-O- unit or a -CHa-C^-O-Z unit, and a 
polymerized unit of CH^R-COO-CHg-CHg may be a ^rVCWR-COO-CH^Hg unit or a -GHg-CRZ-CCXX&VCHa 
unit, where 2 is H or R,-X-. 

The formula -KA) q -(B)J-, when r is not 0, defines either a block co-oligomer, that is where there is a series of -A- 
A-A- units connected to a series of B-B-B- units, or a random co-oligomer, where units of -A- and -B- are interspersed 
in a random order. This use of 'random' also includes those instances where the structure is not a block co-oligomer 
but where the distrfoution of the units is ordered by, e.g., reactivity ratios so as to approach alternation. 

All percentages are by weight unless otherwise noted. A (meth)acrylate ester is an ester of either acrylic acid or 
meth acrylic acid. 

In the above conductive salt/oligomer blends, it is preferred to select the lithium salt, where such is used as the 
conductive metal salt, from the group consisting of UCIO4. LiPF 6 . LiBF 4 , UCtCFaSO^ LHCF3SO3). and UN 
(CF 3 S0 2 ) 2 , and most preferably lithium trif luoromethanesulfonimide (LiN(CF 3 S0 2 ) 2 ), Other polymer-soluble lithium 
salts with large counteribns may also be employed, such as UAsF 6 , U[B(C 6 H 4 p 2 ) 2 ], and the like. 

Articles, useful as components of batteries, may be prepared comprising the above conductive metal satttofigomer 
blends together with a membrane, such as a polyfluorocarbon or crosslinked polyacrylate, which allows sorption and 
permeation of the conductive salt/oligomer blend. The membrane may have a non-woven structure, with porosity pref- 
erably of the order of 0.1 to 25 microns. 

I further have discovered a composite of 

(a) (1 ) from 5 to 60 weight percent of the oligomer described above, viz., an oligomer of the formula 
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wherein 

(a) R, is 0,-0,2 alkyl. 0,-0,8 alkoxyalkyl . aryl or alkaryl. or -(CH^-COOR* where m is 1 or 2, and 
S S^-S^'W -SfOW. -. -NH-. -NR3-. -NH-CP)- NH-, -NRg-CfOJ-NRg- -NH-C(0)0-. -NF^-CP)- 
-P(OH)-Ol. -P(0 R^-PP) (0H)-0-. -P(0) (O P^C, O-P(0H)O-. -O-PpRghO-. -O-PP) 

IcTtAt'^^P^^ Unte d 8 m0n0mer ^ ,UnC,i0nali,y *** iS CaPaW6 01 POmP,8Xing ^ 
with conductive metal salts; 

(?H(A) " B),h when r is not 0. define either a block copolymer or a randwn copolymer, 
(g) (q + r) s 1 to 25, q is 1 to 25. and r is 0 to 24; 

(2) from 5 to 20 weight percent of at least one conductive metal salt, preferably a conductive lithium salt; and 
(b) f rom 20 to 90 weight percent Of a matrix composition comprising 

Mlfrom 10to 100 weight percent of a first homopolymer or copolymer having a glassternperature. T, of 
LetoTao-C and a welght*ve,age molecular weight of at least 20.000. of from 0 to 90 weight pen»nt * 
polymerized units of an alkyl or alkvhhioalkyl ester of acrylic or methacrylic acri. ar^rtfromlOto 100 
weight percent of polymerized units of a poly(alkylsneoxy)(meth)acrylate comonomer of the formula 



C^=CPrCOO-PH 2 -CHR-0) p -R 2 , 



Stem 10 to 90 weight percent of a second copolymer of weight-average molecular weight at least 
S <£Tof p^mertzedh unte of at least one alkyl ester of acrylfc or methacrylic add. wherej,tt,e f^ 

the conductive metal salt/oligomer blend is miscble with the matrix composition; and 
£ SfSt Smarts weighfpercent of a conductive lithium salt dissolved in the f^hcxTx^eror 
2pZ»r * thematrtx composition. This salt is in abortion to the amount (5 to 20weight P*^>* 
SSSve metal salt in the composite, which may be added in a blending operatwn. or as a prebtend 
with the oligomer. 

One pretened class of composites is a composite of 

(a) from 5 to 80 weight percent, of a conductive salt/oligomer blend of: 

(1 ) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (methjacrylate 
monomers from 1 to 25 comprising: 

( n from 5 to 20 weight percent of end-group units of at least one mercaptan residue ^^^f^* 
SiTcT-C,, alkoxyalkyl . Ce-C, aryl or alkaryl, or -pH^-COOR* where m » 1 or 2. and P, « C,- C, 2 

SfSom 0 to 95 weight percent of polymerized units of at least one acrylate ester monomer of the formula 

CH^H-COO-CHj-CHR-Rj, 

where R is H or CH 3 . and where Rg is H. C,- C20 alkyl. or C 6 -C» aryl. alkaryl. or aralkyl; 

0 to 95 weight percent, of polymerized units of at least one (methjacrytate ester monomer of the 
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formula 

CH 2 =CFKXX>(CH 2 -CHR-0) n -R 2( 

where n is 2 to 12; and 

(2) from 5 to 20 weight percent of a conductive metal salt, preferably a conductive lithium salt; and 
(b) from 20 to 95 weight percent of a matrix composition, the matrix composition comprising 

• * 

(1 ) from 10 to 1 00 weight percent of a first copolymer having a glass temperature, T fl , of below -35°C.. 
and a weight-average molecular weight of at least 20,000, of polymerized units of from 0 to 90 weight 
percent, of an alkyl or alkylthioalkyl ester of acrylic or methacrylic acid, and 10 to 100 weight percent 
of polymerized units of a poly(alkyleneoxy)(meth)acrylate comonomer of the formula 

CH 2 =CR-COCHCH 2 -CHRO) p - F^, 

where p is 1-1000; . . . . , 

(2) from 10 to 90 weight percent of a second copolymer of weight-average molecular weight at least 
30 000 of polymerized units of at least one alkyl ester of acrylic or methacrylic acid, wherein the first 
copolymer and the second copolymer of the matrix composition are miscible. and wherein the con- 
ductive sart/oligomer blend is misctote with the matrix composition; and 

(3) from 0 to 5 weight percent of a conductive lithium salt dissolved in the first copolymer of the matrix 
composition. 

The following definitions are used herein: the polymers being compatible means exhibiting physical properties 
consistent with at least an average of the properties of the two components, and the polymers being miscible means 
no domains being detected of size above 50 nm. in the blend, and with a single glass transition temperature (T„). 
preferably measured by differential scanning calorimetry. of the blend. It is preferable that all components ^com- 
posite be non-crystalline (treating the oligomer/salt blend as one component) at all use temperatures to avoid loss of 
mobility of the ionic components and thus a decrease in conductivity. __ oro „. 

The composites taught in the preceding paragraphs may have at least one of the first or second polymers ofthe 
matrix corroositton in a cross-linked form, preferably accomplished after thermally processing the mixture. In these 
compositesTthe composite may be an admixed blend of the conductive ealttoligomer blend and the ^ con f 3 ^' 
relying^ the miscibility of the components for the ion transport in the electrolytic process. In another variant, the 
conductive satt/oligomer blend may be encapsulated within the matrix composition. In another and pr 
the conductive salt/oligomer blend may be layered to a film or sheet formed from the matrix composition, whtfi fWnor 
sheet may be physically perforated with small holes, preferably of the order of 0.1 - 2 microns diameter (100- 2000 
nm). and with porosity preferably 70 - 80 % of the surface area of the film or sheet, to improve ion transport n the 
electrolytic process whilst restraining any movement of particulate or other electrode material, such as electrode gran- 
ules 

(have further discovered a process, preferably continuous, for the preparation of a conductive satt/oligomer blend 

of: 

(a) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (methjacrylate 
monomers from 1 to 25 comprising: 

(1) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R^-S-. where R, is C,- 
Calkyl, C-C 12 alkoxyalkyl. Ce-Craryloralkaryl, or-(CH 2 ) m -COOR 3 . where m is 1 or2, and R^is Ci-C^a kyl; 

(2) from 0 to 95 weight percent of polymerized units of at least one acrylate ester nionomer of the formula 

CH^H-COCKJHj-CHR -Rj. 

where R is H or CH3. and where Rj is H. 

C r Cao alkyl, or C 6 - C20 aryl, alkaryl, or aralkyl; 
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(3)trom0to95weigmpe^^ 

CH 2 =CR-COO(CH 2 -CHR-O) n - Ra. 

where n is 2 to 12; and 

(b) from 5 to 20 weight percent of one or rrwe corKlud^ 
prising: 

(1 ) drying the conductive metal salt, preferably a lithium salt, to <^**f* r > ,_ CHi , HRO) ... „ 
2 passhg the at least one (meth)acrylate ester monomer of the formula C "f™^^^™£^ 
Ue^ is 9 2 to 12. and. opticx.a.ty but preferabV. a^^ 

CH^H-COO-CH^-CHR -R,. where R is H or CH 3 . and where Rj » H. C,- C^, alkyl. or C r Ca, «*. alKaiyi. 
or aralkvl throuoh at least one column of activated alumina or molecular sieves; 
^Stt^L*. metal salt, the at least one ^ ~ "^""T alSXV^S 
acrylate eeier monomer with an alkyl mercaptan R^SH. where R, is C£ g C ^ 
aryl lor alkaryl, . Ce-C, an/I or alkaryl. or ^CH^-COORs. where m is 1 or 2. and R3 is 0,-0,2 alkyl. 
(4) subjecting the admixture to a free-radical polymerization process; and .. . filirh " 

5 remoZg any volatile residues by vacuum devolatilization. Other means of removng rescues, such as 

S^aCption. and the like, 

This process may be conducted as a continuous process for the polymerization and^votetitotton reaction. 
lYurtheThTeSovered an electrolytic cell, such as a rechargeable battery, comprising an anode, a cathode and 
conductive electrolyte comprising a conductive sattroligomer blend ot 

(a) f rom 80 to 95 weight percent of an oligomer of the formula R,-X-{(A) q -(B r )l-Z, wherein 

(1) R, Is C,<; 18 alkyl. C,-C, 2 alkoxyalkyf. Ce-C, aryl or alkaryl. aryl or alkaryl. or -(CH^-COOR* 

£"? S A % Z SS^M- - SJJW -NHO(0). NH-, -NRyCPHm,-. -NI+C(0)-0.. -NR,-0(0>- 

with conductive metal satis; 

(5) Z is H or R.-X-; , . i„^„- 

■ (6H(A).-(B) J. v*en r is notO. define ellher a block copolymer or a random copolymer, 

(7) (q + r) = 1 to 25. q is 1 to 25. and r is 0 to 24; 
.(b) if rom 5 to 20 weight percent of one or more conductive metal salts. 

One type of such an electrolytic cell comprises an anode, a cathode and a conductive £2*£^ rWn « " 
oligomer degree of polymerization of the constituent (methjacrylate monomers from 1 to 25 compramg. 

RSft tS2 SSS? * T~rrX^X3Z 

CH^H-COCVCHrCHR -R* where R Is H or CH* and where Rj fe H. C,- 0*, alkyl. or Or 0* aryl. alkaryl. or 

St£> 0 to gs weight percent of polymerized unte of at least one (meth)acrylate ester monomer of the formula 
CH^R-COO-^fVCHROJn- Ra. where n is 2 to 12. 

I further have discovered an electron ceD. with utility, for example as | ^^^^^^ " 
anode, a cathode and a conductive electrolyte comprising a composite of (a) from S to 15 we.ght percent ot 
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(a) a conductive salt/ oligomer blend of: 

(1) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (meth)acrylate 
monomere from 1 to 25 comprising: 

(i) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R,-S-. where R, is 
C,-C 12 alkyl. alkoxyalkyl. C 6 -C7 aryl or alkatyl. or -{CH^-COOR* where m is 1 or 2, and Ra a 

S*f roln 0 to95 weight percent of polymerized unite of at least one acrylate ester monomer of the formula 

CH 2 =CH-COOCH 2 -CHR -R^ 

where R is H or CH 3 . and where Rj is H, C,- C^, alkyl. or C 6 - C a aryl. altaryl or aralkyl; 

(Hi) from 0 to 95 weight percent of polymerized units of at least one (methjactylate ester monomer of the 

formula 

CH 2 =CR-COO(CH 2 -CHR-O) n - R 2> 

* * 

where n is 2 to 12; and 
(2) from 5 to 20 weight percent of a conductive lithium salt; and 

(b) from 20 to 95 weight percent of a matrix composition, the matrix composition comprising 

(1) from 10 to 100 weight percent of a first homopotymer or copolymer having a glass tempera* ure. of 
below -35»C and a weight-average molecular weight of at least 20.000. of polymerized unite of f rom 0 to90 
wetant perSnidi alitor alkyShioalkyf ester of acrylic or methacrylic acid, and 10 to 100 weight percent 
of polymerized unite of a poly(alkyleneoxy)(meth)acrytete comonomer of the formula 

CH 2 =CR-COO-(CH 2 -CHRO) p -R2. 



IS torn" 5to80^ight percent of a second copolymer of weight average molecular weight at least 30.000. of 
Sy^r^Sat'eas, one alky, ester of acrylic or methacrylic acW whe^in ttje «^Sve^S 
copolymer and the second copolymer of the matrix composition are miscible. and wherein the conductive salt/ 

olioomer blend is mtecible with the matrix composition; and 

C I toiweight percent of a conductive lithium salt dissolved in the first homopolymer or copolymer of 

the matrix composition. 

I further have invented a process for preparing the composite arid the electrolytic cell described h the preceding 
paragraph, comprising 

(a) polymerization of the monomers, preferably as free of water and alcohol impurities and of ^ ib ^ a ^ We ' 
wnSllorm the first matrix homopotymer or copolymer in a constant flow stirred reactor ,n the presence of an 
appropriate free-radical Initiator to at least 65 % conversion; amnBltm 

(b) transfer of the first matrix homopolymer or copolymer to a stirred reactor, preferably directly without exposure 

m^Z'm* the monomers which form the second matrix copotyrnerjigain V*^*'™*^^ 
alcohol impurities and of inhibitor as feasible, optionally with addition of a photosensrtong initiator and a potytunc- 

undeVcondittons which do not cause the polyfunctions! polymerizable monomer to cause » ctosshntang 
(e) transfer of the admixture of first and second copolymers to an extruder which may oontarn *^ n ™9 ™^ 
,) extrusion of the admixture in the form of a sheet or film, optionally wrth ^^fto^*^* 
irradiation with light, such as uftraviolst light, sufficient to activate the prwtosensttizing initiator and crosslink the 
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second polymer in the matrix blend; ,„„kk, 

(o) application ol the conductive salt/oligomer blend to at least one surface of the extruded sheet orfilm. preferably 
under conditions where there is uniform application of the blend and there is limited exposure to airorwater; 
(h) after extrusion but prior to, simultaneous with, orfoltowing the application of the conductrve "^"B™ 8 ""; 
torating the film with holes of 0.1 to 25 microns, preferably 0.1 to 2 micron, to allow the conductive salttoligomer 
controlled access to both sides of the sheet or film; 

(I) conducting the oligomer-coated film between the anode and cathode of a battery article, preferably in an 
inert, water-free atmosphere. 

In my invention is found a novel, thermoprocessable. nor^rosslinked ^ eric ZSSHHSL 
talline. which can be thermally reprocessed, which exhibits a combination of ngrdity and flex.b.lrty whwh allows te >be 
used in batteries, especially those which are small or of unusual shape, and the like, with no need for solvents^ 
Improved resistance Xo water when compared to poiy(ethylene oxide), and with the ^°^ s ^™-™^ 
at room temperature or below, which compares favorably with that of the mynad systems .based- on P^ethyteneoxWe) 
which do not exhibit the other desirable physical properties of the present blends. The two<ornponent meta^aBcon- 
taining matrix blend formed from higher molecular-weight polymers absent the oligomer* e, ^^« 
conductivity for certain uses, as is taught in an application filed by the same .nverrtor concurrenMy wt^ applx^on 
but the addition of the herein-defined oligomeric electrolyte gives improved conductivrty. especially at room temperature 
or below, without significant loss in the other physical characteristics of the twt^omponent Wend 

The following paragraphs are presented as a possible explanation for the effectless erf ^^mers have 
discovered, but remain! ontyasan hypothesis. To achieve the desired propertresmcUrdrng ^"^^^J^ 
ion transference number, solubility of the lithium salt, stability under recycling^ 

temperatures of room temperature or below, the oligomer (orconductrve P°^ m f ^^P^,^" 
wherein one block contains an aliphatic hydrocarbon portion which is e ectncal.y stable and whfch 

acts as an external chain to the lithium-polyalkylene oxide complex ^'^ ln «^ ^ X ^^1~J^^ 
aliphatic section tends to protect against electrical breakdown at the ^^^^^^^^^ 
a monolayer at the interface, and to protect against -poling' of ^^^^P^^^ 8 '^^ 
The blocky portion needs to be long enough to present a non-polar, low ind^etectnc «^JV*T^T^Lr 
the electrodeWrtace. yet It must have a sufficient degree of miscibllity with the conductive poetic* .of theol^omer 
molecule to keep the oligomer homogeneous during formation. This first block [^^^^ 
amount ol a suitable aliphatic mercaptan or other chain transfer agent in the ^ e ^}^^^ m ^^ d 
mers which supply the lVgand<omplexing structure, or by use of an appropnate achate .socyanate to cap the end 
of a poly(1 2-aEne oxWe) or potypivatolactone chain, or by use of an appropriate polymenzatcn rnrtetor « a taige 
^amount S an oligome^ Line are initiated by a radical or ion which lea ves an ^.^^J^" 
Homeric Cham end. The^gomer may be terminated with H. R, or R,X The fret b ^^ f ^^^ 
v^metalions.isfreetornternallyplasticizetheoligornerandlowerits 

mobility), even when the second part of the block structure Is complexed with a metal ion . 

The second part of the -blocky' structure is the ligand structure formed by complexat.cn of the metal wn wHhthe 
-(O^hW unte (or of other cXnplexing units, such as ^HrC^^^^te because J^bJJg 
reaction between the active H and U metal). -CrVCH 2 -NrV. tSW^CHgWr ■ ^ C J^£^i^2£ 
Z, or =P(alkyl)-N, The composition is governed by the molecular weight of the polymenzod port»nof the^omen 
and the length d*e complex!^ chains, both of which affect viscose ^f^^^f"^ 
can affect whether sto^charn crystallization will occur. Avoidance of side-chain or main-chain crystalltzatwn tothe 

auoom temperature or below Similarly, a glassy block should be avoided to allow maximum mobility of the ohgorner/ 

^second part of the blocky structure comprises polymerized units of a monomer with functionality which is 
capable of comptexing with conductive lithium salts. As noted In the preceding paragraph, a number ol ^««9 
^tonalities exist; these may be incorporated into the monomer as side charnsjuchas (methjacryte estereotp^y- 
alkylene oxides, pentamethytenesutfide chains having a site to which a (methjacrytoyl group may be attached and 
eiEctSns to which a carbon-carbon double bond may be attached for subsequent radrcal or tone polyrrrenzaborv 

Z another mode, such functionality may be incorporated into the oligomer by c^nzaton 
complexing groups, such as vinylene carbonate. In another mode, the monomer wrth tur^tonarrry may be formed jn 
sTriprS ring^ening or other po^merizattons. Such examples would be ringing of ^ 
Sine S?with an appropriate R,-X group. Another example would be the appropnate ofcgomerizatton of bete- 

proptotactone to form 
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R,-X-(CH 2 -CH 2 -C(=0)0-) n 

blocks, or appropriate oligomerization of ^moe-butyrolactone to lorm 

R, .X-(CH 2 -CH 2 -CH 8 -C(=0)0-) n 

or the digcxnerfcation of ethyl acrylate to f orm 

• - 

R,-X-(CH 2 -CH<;(=0) OCH 2 CH 3 ) B 

""as" to I^Xteneoxy- link is preferred by those of ordinary skill in the art tor complexing with lithium-tons, one 
can envisage other structures useful as the second part of the blocky structure such as 

-0-CH2-CH~W-~CH-CH2-0-, 




and^neltSsUuctuL. but not does teach, suggest, or *«*». the ^^^T^Zonen 
Within the blocky structure FVX-{(AV(B r )}-Z, the B structure can represent PO^edur^s of ""hm"™" 
without functionaifty capable of complexing with conductive lithium salts, such 

vinyl monomers such as styrene. an olefin such as ieobutylene or ethylene. *™W ^yl eth* and the ««V (J) addition 
monomers such as hexamethylene glycol, terephthalic acid, hexamethylene diamine, adiplc acid, and the like. 

tor complex^ with conductive metal salts, but carrying acrylic ester 

admMures. It Is preferred, however, to have at least some of an ^^^^^^ZSSL 2* 
tionaHty. in combination with a lithium or other metal salt known to be elective ^tom^ng «£J^^^ 
as one both highly soluble and with an anion of high bulWness. such as LiMtCFaSO^. otherwise known as lithium bis 

(tffl ^rZ^^ mention absent addittona. .Hh.um sal, added * ^ T ^cSmTS 
cansS be^ctive when'emptoyed with an appropriate .Hhium-based «*od^eystem , as 
complex with lithium tons from the cathode and/or anode to convey .erne charge between th ^^^'™^ 
dhhn the electrodes are oartially dissolved by solution and complexatton into the oligomer electrolyte, and the system 
IT^T^ JZS^om^ Mum saltfoligomer complex until the concentration of complexed lithium 

reaction oottonalh/ with drying of the mixture prior to polymerization. 

Tep^e^ described in thte invention may ^^^^^^ 

radical polymerization of a mixture of appropriate chairHransfer agent. 8 ^J« K ! Zl 
an alkoS compound with a transf erabie aJeha-hydrogen, a dta«* and ^^^*^™^252' 
such as an acivtateor methacrylate ester which contains groups which complex with the lithium «<^ me,alBa ^; 
slbTe^eTar^zTSethaxy) ethyl acrylate (M#2 In ^f^^^^^^^S^ 
(Mw - 350) monomethacrylate) (MMPEG(350)MMA) (M#3 in the Examples) monomers, and the I ke. which may be 
S£^SKS!£ a.Kyt^te. such as elhy. acryiate and the ifce. «^ -^^.^^ 
mShods such as solution and suspension polymerization techniques may also serve to P^J^**™^"* 
lytes. A continuous teed stirred tank reactor (CFSTR) is an advantageous process 8 ^^ 8 £ - 

The ooMalkvleneoxy)(rneth)acryta1e comonomer of the first hexnoppiymer or copolymer, which complexes wrth 
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CH 2 = CR - C0 2 - (-CHgCHR^ - Rg 



10 



15 



20 



30 



It is preferred that be either H or CH 3 when n is an integer between 3 and 50. When n is tess^ ^d^d 
preterab* be atk* C 6 -C» aryl or C^ao alkylaryl group. The methacrylate esters. Le. R = CH* are preferred 
because of their photochemical stability. . • -onrJvmAr 

The alkyl or alkytthioalkyl ester of acrylic or methacryBc acid component of ^S^TZSSSSZ 
may be such as methyl acryiate, ethyl acrylate. propyl acrylate. isopropyl acrylate. 

isobutyl acrylate, t-butyl acrylate. hexyl acrylate. heptyl acrylate. 2-heptyf acrylate 2-ethylbutyl ac ^latej ^ecylacr 
ylateThexylmeth^^^^^ 

ietradecyl metnacrylate. octadecyl metnacrylate. ethylthioethyl methacrylate, «^^ a ^; | ^£ J* 

Thealky. este? of acrylic or methacrylic acid component of the second e ^ 1 ^!! 
cyclic structures, may be such as methyl acrylate. ethyl acrylate. P^^te jsopnw ablate. 
sec-butyl acrylate. isobutyl acrylate. t-butyl acrylate. hexyl acrylate, heptyl ^^^^^^^^Z 
ylate. dodecyl acrylate. n-hexyl methacrylate. n-octyl methacrylate. 2-ethylhexyl ^^^22 
Lrylr^rylatMe^^ 

acrylate. methyl methacrylate. ethyl methacrylate. n-propyl methacrylate ^^^^J' 
sec-butyl methacrylate. isobutyl methacrylate. t-butyl methacrylate. 2-ethylbutyl methaciylate. cyclohexyl methacrylate. 

isobomyl methacrylate, 3.3.5-trimethylcyclohexyl methacrylate. and the like. condition as tone as 

Other comonomers may be present in either or both of the polymeric components of the composttwoas ^ongas 

the mla. miscibimy of the'two Jotymers is maintained. The ^^^Z^ZZ^m^ 
omer chain transfer agent tocontiol the molecular weight, and the seco^ 

monomer at a low level to lower creep m the formed blend. 

A preferred matrix composition comprises of the following molecularty misable copolymers. 

(a) From 5 to 95 weight percent of afirst copolymer wherein the first ^^^P^ m ^ , ^ £ ™Z 
percent of monomethoxy polyethylene glycol (Mw=400) monomethacrylate) (MMPEG(400)MM) and 90 weight 

S^^^percent o, a second copolymer wherein the ,»cond coporymer comprises mafcfy c, 40 
weight percent of ethyl acrylate and 60 weight percent of methyl methacrylate. 

Certain of the matrix coitions described in this invention were prepared by 
polymerization of commercially available methyl methacrylate. «Wf ^ te 

oSoO) monomethacrylate) monomers. However, other suitably adapted ^^J^^m^^ 
and suspension polymerization techniques may also serve to ™ k ^,^E^^^^ 
orenared bv the use of a continuous teed stirred tank reactor (CFSTFt). Unpolymenzed monomers were remweairom 

fraction from ^stripping column comprising of unpolymerized nwrwrners ^ q ^^ ° * r< ^ e £ ^Z,* 
preferably, recycled to the second stage of the polymerization process. The mjscible , polymer also 

. monomers b7passing through a meft pump equipped with a vacuum port 

reaction vesse!TcFS?R). the monomer feed rate, the ^^^^l^^XT^X^T^^ 
temperature were arranged in order to ensure monomer convers.cn mng^lrom ^^^^ 

The weight average molecular weight of the first homopolymer or copot^erofthe ^^^^^ 
from 90 ooo To about 1 50 000 or above A preferred molecular weight range is 30.000 to 100.000. The weigra average 

s r^^rs^cS^may vary from 30.000 to 500 COOor ^^^^^ 
range of 30.000 to 200.000 is adequate to facilitate ease of processing, thermal and melogical stabflity of blend COm- 



SO 



to avoio sSe reactions which can affect the conductivity of the compositeur the 1*,^^ known 

The components of the final battery which are used in conjunction with the electrol^e^ght ^™ a * ^ 
to thett^rably they are based on Mum technology tor the ^^^^^1^2^ 
film, a lithium alloy, such as ItthiunVtin. or lithium combined onto an apPr^esub^ate. suoh »^mM iun5 
second cathodte component may be any of many known to me ^^^^^^ ^^^5^9 
titanium sulfide, lithium/manganese oxide combinations, such as LMn^ or UMnO* U, MV0 4 . <*here x is ca. 
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and VteCo.Ni.Cd or Zn), vanadium pentoxide, copper oxide, or chromium oxidefs), and the like. 

The conductive compositions and blends taught herein may also be useful in electrochromic uses, optical uses 

where conductivity may be combined, and the like. , ^ .. „ r „ 

The heterogeneous structure taught herein for the oligomer/membrane combination or the use of the oligomer on 
5 the membrane surface accomplishes several needed functions. The insoluble polymer film keeps the '<***>f** «*n 
contacting each other, even il they are in granular form. Further, they allow ready drffuaion of the ohgomer/metal ealt 
blond 

Another advantage of the oligomers of the present invention, either in free form or as a <^Pf rte ^ h * fl ^ 
matrix polymer support, is that they can be used as very thin (such as under 25 microns in *uckness). yet "^u^e™ 
ro or films. Such a form improves conductivity, allows for use in non-linear containers, and aids in ensunng good contact 
between electrolyte and electrode at all surfaces. The oligomers are nonvolatile at the operation temperature of the 
solid state devices, such as batteries. For application and formation of the final electrolyte, the oligomers maybe 
combined with a fugitive solvent for the purpose of spin or roll coating applications. The oligomers can also be blended 

with a high-melting polar solid such as ethylene carbonate. u ^ mtaMrt 

is The following examples will illustrate the properties of the family of unique copolymers. All compositions reterrea 
to in the examples are in weight percent unless otherwise specified. _ 

The mechanical properties of the optically clear two stage copolymer composrtee were evaluated with the a* of 
parts that were prepared by compression molding on a Carver press. About 10 grams otres.nl « ; placed °" apwc* of 
flat glass of dimension: 6' x6' xl/16' ( 152.4 mm. x 154.2 mm. x 1.59 mm) which is preheatedto 66*C. A. spacer 12 
20 mils in thickness is placed on the surface of the glass encompassing the resinous matter. Another P»«of tat glass 
of comparable dimension is mounted on the resin to form a sandwich. The glass-polymer-glass «££bfl« 
compressed slowly until a maximum load of 800 IbsJsq. in ( 5.512 mPa) is attained. The composite 
pressure and temperature for five minutes. At the end of the five minutes duration the sample « "™*J™ *• 
press, sectioned into2.5-x1.5"( 63.5 mm. x 38.1 mm.) plaques for analysis by the ASTM falling dart teat D802a 
26 The following abbreviations are used in the tables and examples: MW= methyl rnethacry^ 

monomethyl ether-polyfethylene glycol(400))-monomethacrylate = M#1; 2(2-ethoxy ethoxy^thyl acrytate =-M#2. 
mcZethy. em^ethylene g^^-nxxtomethacrytete = M#3; polypropylene glycol (400))^onomethacr. 

ylate = M#4. 

X EXAMPLE A: CFSTR Polymerization of Acrylic Oligomers 

The following is illustrative of the method for preparing the acrylic oligomers of the 
comprising 5-10 weight percent of M#3. 95 to 90 weight percent M#2 and a one molar e«Kenttjafion of 
(LiNfCFaSOafe were prepared by bulk polymerization technique as follows: Amoncmer m ^^9.97%^ 2 

* ^-emoxVSoxyJ-ethy. acryiate. 6.66% of MMPEG(350)MMA, 0.05% of 1 1 '^* e ^ c ^^^^tL D ^ 
1 3.33% of n-butyl mercaptan and 20.00% of UN(CF 3 S0 2 ) 2 was fed into a glass vessel in wM* the m'^was purged 
with an inert gas such as nitrogen. After purging; the monomer«alt mixture was degassed a^ kept under androgen 
blanket The mixture was then pumped at a maximum rate of 15 g/m.n. through a """^^^J^*^* 
which the monomers were copolymerized to yield 86-95 weight percent monomer ^ ere ^^^" al 

40 may be removed by conventional processes. e.g., devolatilization under vacuum, fating film evaporator, or a wiping 

blade film evaporator. 
EXAMPLES 1-12 

4S m order to circumvent potential problems engendered from the use of solvents in the ^^P 8 ^ 0 ?^ 6 ^ 
oligomer electrolyte films, the electrolytes listed in Table I were prepared from a mixture of fte ^^nomere arKl 
lithium satts. This technique is superior to the current state of the art in that * has fine P* < ^£^S,JS 
highly desirable, ultra pure polymer electrolytes. Because of the inherent difficulty *^ n ^J]™^^ 
solvents from polymer electrolytes, experiments were designed to formulate solvent 1 ^e 

SO the previously described polymer electrolyte formulations that involved the use of solvents < a ^9. Hwt > for film 
preparation, the solvent free acrylic polymer electrolytes were prepared by ^^^^"^V^ fmm . 

The highly ionic conductive sait/ol.gomeric component of the acrylic polymer electrolyte was ^^' z j^™ a 
mixture of eSyl acryiate. M#2 and M#1 monomers and the ionic lithium salts: LICF^ 
UPF 6 . A high concentration of chain transfer agent (n-buty! mercaptan) was used ^^rastric^g^of *e 

ss polymer chain and consequently minimize the molecular weight. The tone conducttvrty d the ™^ r ^ 

wasdetermined (at room temperature (ca 25-C). (unless otherwise noted] ^nor to a^ 8 ^"^ ™ 
analytical feature allows tailoring the desired final ionic conductivity ot the electrolyte by the choice of monomer and 
lithium salt concentration. 
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The highly ionic conductive salt/oligomeric electrolyte was combined with a dear 
membrane that was synthesized byinsjtu bulk polymerization of two acrylic c^ers and a mum sa^apr^ 
termined concentration. The first copolymer was synthesized from a mixture of E A or M#2 and M#1f^J« and 
lithium salt The second copolymer was prepared in situ from a copolymer monomer nurture, trmt^pnses me first 
Sooner, and MMA and^A monomers. The latter monomers were preferably in the ^ rat ^ p f^^^ 
^polymerization of the monomers MMA and EA in the presence of the first stage copolymer (P(EA- M#1)= 90/10) 
and lithium salt yielded a clear dimensionally stable rubbery polymeric composite. 
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The data listed in Table I reveal that: 

(a) The Ionic conductivity of the monomer salt solution undergoes an order of magnitude change in value with Ihe 
conversion of monomers to low molecular weight polymer, 

(b) For a given copolymer composition and molecular weight, salt concentration m excess of 1 mole per liter results 
in an increase in T 0 and a concomitant reduction in ionic conductivity; 

(c) The data given'n Table I support the hypothesis that the viscosity of the polymerelectrotyte is proportioned 
molecular weight (at least m the molecular weight range reported) and inversely proportional to |™ <^uctivtt£ 

(d) The data listed in Table I also suggest that neither UBF 4 nor UCF 3 S03 was highly sotvated by the acrylic 
copolymers. 

The polymer electrolyte designated Ex. 1 2, Table I, was prepared for the purpose of probing the effect *^ i" 00 *^ 
rating the comonomer acrylamide in the EA/M#1 monomer mixture. Because acrylamide has a redely hi^erdie- 
lectifc constant than both EA and M#1 . it was postulated that inclusion of the former monomer should increasethe 
relative permitivity of the monomer mixture. ihus promoting the dissolution of the flNum salt. However accmparfeon 
of the electrical properties of composition Ex. 11 with that of Ex. 12. reveals that the ionic conductivity was relatively 
unaffected by the inclusion of one part of acrylamide monomer in the EA/ M#1 ™™™ « ™ ™; ^ 

The electrochemfcal stability of three of the electrolyte compositions hsted in Table I, Ex. 7. 11 . and 12 ^deter- 
mined in Ihe potential range between -1 and 4.5 v (vsl Lf/U) using cycle voltammetry at a /^"T^j^ 1 ^; 
A typical experiment conned of sweeping the cel. potential anodicalty from -1 to ^thoj -can 

from 4 5 to-lv at a sweep rate of 50 mV/sec. The electrolyte Ex. 7 was cycled repetitively to a maximum of 4.713 
cydes. The voltammograms exhibited no evidence of electrolyte oxidation or U deposition/ dissolution processes. The 
results suggest that these electrolytes are stable in contact with the Li electrode. 

EXAMPLES 13 -14 

As shown in Table II and discussed previously, the tow molecular weight electrolyte was P"P«*^"" J£ 
of M#2 and or ethyl acrylate and M#3 in the presence of a 0.7 motel ^™enoUmMT ^^S^e ^ 
copolymer electrolyte designated as Ex. 13 exhibits higher T, and molecular weighty that tor J^^Jte^ 
iZThis difference fin the thermal and molecular properties is reflected in the ionic conductivity of these electrolytes. 
(All conductivities throughout are at room temperature unless otherwise noted). 
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Oligomer Properties 


Oligomer Composition 


Example 13 


M#2/EA = 70/30 


Example 14 


M#2/M#3 = 90/10 



TABLE 
Salt 

UN(CF 3 S0 2 ) 2t 1M 
UNfCFjjSO^ 1M 



MW 

1890 

1270 



Tg/C. 

-77 
"-79 



Cond uctivity. O -1 cnr 1 
1x10* 
1.7X10* 



EXAMPLES 15 -17 

These examples show that the measured T 9 of the low molecuter weig^ '^^fiE^ 
the absence of salt is ca -B1 . 1-C. The T fl of the copolymer that was prepared ,n th^eser^ M^gW 
lithium salt. Ex. 17, was ca. -80.4-C. Wh£i an equimolal (0.7m) amount of salt (LiN(CF 3 SO^) ^cW^hesatt 
free copolymer, the T fl increases from -B1.1-C to -67*0. This significant change in T, Table III, is reflected in the 
lower ionic conductivity of the post salt addition copolymer electrolyte. 




Oligomer/Salt 
Properties 

Example 15 



Example 16 



Example 17 



Composition 



M#2/M#3 
90/10 



M#2/M#3 
90/10 



M#2/M#3 
90/10 



Salt 



TABLE 111: 

Salt added 



LiN(CF 3 S02)2. 
0.7 M 



LiN(CF 3 S02)2, 
0.7 M 





after 

polymerization 

before 
polymerization 



MW 



Tg. 

•C. 



Conductivity, Q* 1 
cnr 1 
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The absence of change in the T fl of the salt complex, which results from in situ polymerization, is an unusual 
occurrence in binary solid/liquid solutions of polymer and satl. The addition of salt to a polymer almost always mcreases 
the T n of the resulting complex. This is manifested in the form of physical crosslinks, which emanates ,ro ™« ron 9 
dipoter interactions. The effect is substantially magnified especially in the case of electrolytes that requ^igh saft 
concentration to improve the density of charge carriers. Whereas the high salt concentration is beneficialtothe overall 
ionic conductivity, the resulting physical crosslinks retards the polymer segmental mobility and hence immobilize* tne 

motion of the ions. . 

Table IV lists experimental variation of glass transition temperature (T 8 ) with concentration for some of the most 
widely used salts. A review of the data suggests that both salts, based on the triftyl anion (CF^-, producej a smaller 
increase In T fl with sail concentration. The fact that all lithium salts produce a substantial increase in the T g of thefinal 
polymer-salt complex, at high salt concentrations suggests that the copolymer electrolytes derived f rom ineitu polym- 
erization ol salt plus monomer mixture possess unusual physical properties. 



Literature Values: Variation of T fl with Concentration 


USCN 


UCIO4 


UCF3SO3 


UNtCFaSOg^ 


dTg/dX °C/ mol % 


ae 


4.2 


2.8 


2.B 



20 



25 



90 



35 



40 



EXAMPLES 18-26 

In these examples the solid portion of the electrolyte was synthesized from a EA/M#3=90/10 mixture, acrosslinker. 
polyethylene glycol(200))-dimethacrylate and a 0.35 molal concentration of the lithium salt, UNIC^SO^. This system 
Ks solid solutions that range in optical quality from translucent to clear. For . , giver f^Z^SSt 
the formation of clear solid solutions is directly related to the concentration of salt (UNtCFaSO^ that forms the com- 
plex. As can be seen in Table V. the 0.35 molal salt complexes. Exs. 24 and 25. are Really clear whereaa th^a 18 
molal salt complex Ex. 26 was opaque in appearance. The heterogeneous nature of the latter complex was ^ppc-ted 
by the occurrence of two glass transition temperatures in the DSC thermogram. The tower temperature (-IB^C) 
represents the rubbery phase while the higher temperature (+19.5 *C) represents the glassy phase of the polymer- 

AsTsc^ssed previously, the solid portion of the polymer electrolyte does not support lastU* ton 
the rate of relaxation of the copolymer chains, at ambient temperature, was too stow to P^T^S^ ST 
of the cation along coordination sites. The membrane designated Ex. 24. Table V. yields tor* «ndu*MJ 
imately 2.5 x 10* S/cm. When a film sample of Ex 24 was combined with the l.qu.d electrode of Ex. 14 If"*** 
ca. 1.76x10-4 S/cm), a27 fold increase in conductivity was obtained (0.7 x 1 0"* ^^ 8 ™ to 
also occurs in the case of the membrane Ex. 25 (2.03 x 1 0-» S/cm). Both membranes contain a 
of lithium salt. UNtCFaSO^). Tne salt content of Exs. 24 and 25 differentiates these membranes toto.^ 
without salt. Table V. Asian be seen from the data listed in Table V. the latter me ^^^^ a ^^ 
magnitude lower in conductivity than the salt rich membranes. Each membrane was expeaed to thel^uri ele^notyte 
at room temperature for a maximum of 10 minutes. The variation in the percent mass uptake is directly related to the 
nonuniformity in thickness of the membranes. 



45 



60 
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EXAMPLES 27 - 28 

This example demonstrates that impurities in the monomers and mercaptan used to form the oligomer can effect 
the ultimate properties of the oligomer in its ability to undergo recycling in the cell (lithium ion intercalatton-deinterca- 
tation) Impurities can passivate the electrode components, such as lithium/graphite or lithiated cobalt oxide composite 
electrode surfaces, by deposition, or by degradation of the electrodes via leaching or swelling of the binder Such 
impurities can include methyl ether of hydroquinone (MEHQ. an inhibitor of premature polymerization), water; acrylc 
acid, alcohol, heptane, and toluene. The water and MEHQ contents can be reduced by multiple passage of the mon- 
omers through columns of molecular sieves and alumina beads. The lithium salt should be thoroughly dried prior to 
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use, such as by drying in a vacuum oven for lOCC.fof at least 24 hours. 

Cyclic voltammetry (CV) was performed in a glove box under argon. A PAR Model 376 potenttostat/gafvatwetat 
controlled with a PAR Model 175 universal programmer was used to perform the CV measurements. The working 
electrode was a lithium/cobalt oxide/ poly(vinylidene fluorideycarbon black composite; It was immersed tn the oligomer 
conductive salt electrolyte to yield a geometric surface area of about 1.6 cm*. Staircase cyclic voftammograms were 
conducted; the appearance of the electrodes was also noted. In the cyclic vottammograms, a higher negative value at 
ca 3.5 volts indicate lithium cathodlc reduction and higher positive values at voltages ca 4.0 - 4.2 votts indiCBtel«hiurn 
anodic oxidation deintercalatton. Also, if the area swept out by the waves increases upon repeated scanning between 
a 1 mV/sec. between 3.0 and 4.3 volts, such is indicative of continuous irreversible reduction of some unknown species 
&t tho working electrode 

Tested were three materials: Example 17 (Table V, weight-average molecular weight 5760). Example 27 (repeat 
ol Example 17, but with purif ied monomers, weight-average molecular weight 1 220). and a commercial liquid electrolyte 
with no polymeric component. Lipaste from Tomiyama Chemical, believed to be 11 .7 wt. % UPF 6 m ettiylene carbonate/ 
propylene carbonate/ diethyl carbonate = 41/24.8/22.5 (Example 28). For Example 27 ™ Z™**^ jj\ 
the ME HQ content in the monomer/salt mixture prior to polymerization was reduced from 393 to below 15 ppm.. ana 
the water content reduced from 90 to 80 ppm. ^ 

Example 17. although exhibiting attractive properties on initial use, gave indications ^e above test thai ^tt was 
not fully acceptable for repeated cell cycling. Further there was evidence of surface corrosion at boththe Umetaland 
the composite electrodes, whereas no evidence was seen on the electrodes Immersed in the electrolyte designated 

EXS 'l?e e cSnmercial liquid sample (Example 28) gave evidence for the CV measurements of '"Mai faro* 'nwerelbte 

oxidation and reduction currents, probably by formation ol a solid electrolyte interface, which was 

After repeated scanning, the wave forms tor Example 28 were similar to those imttalV and cpnsBtentJy observed for 

It is anticipated that the oligomer of Example 27 may be further purified with the aid ol a falling film stiD or wiped 
vacuum evaporator. 



Table VI 



CV Testing 
Example 17 

Example 27 

U Paste (Example 28) 



Re peated Cycling 

Area swept out increased 
on repeated scanning 

Area swept out unchanged 
on repea ted scanning 

Area swept out decreased 
on repeated scanning 



Electrode Corrosion 
observed 

not observed 

not observed; suspected 
formation of protected solid 
electrolyte at interface 



Cell cyctability 
Not acceptable 

Acceptable 

Acceptable after repeated 
scanning 



EXAMPLE 29 



In this Example is described the preparation of the two^omponent matrix in film form as a separator film onto 
which the conductive salt/oligomer blend was coated. 

(1) The first stage copolymer was synthesized from a 9:1 weight ratio of ethyl acrylate ^^^J^^ 
respectively. The E/VM#1 copolymer was prepared by the use of a continuous flow strred ^^^^ 
A copolymer comprising of 1 0 weight percent of M#1 and the remainder EA prepared by bulk P^^^ 
niquTas follows: The monomer mixture was prepared from the two monomers and other e^tfelingr^iente. A 
typical mixture contains: 87.7% of EA, 9.7% of M#1. 0.07% of 1. 1 '^*<<^^ 

niodecyl mercaptan. This mixture was fed into a glass vessel in which the mixture was purged with an inertgas 
such as argon. After purging, the monomer mixture was degassed and kept under jargon b^Jhe^re 
was men p^ped at a maximum mte of 1 5 gmih. through a seri^ 

copolymerized to yield ca 86 weight percent conversion. The polymerization of the ethyl^ry^e ^f^1 
- ^omplfehed at temperatures ranging from 105 to 125"C. At this temperature rangMhe <^P9P^^re 
and stirring rate was set at 120 psi ( 827 kPa) and 300 RPM respectively^^ 

highly exothermic, the reactor temperature was controlled with the aid of a cooling jacket The polymerization was 

performed in the absence of a solvent . 

(2) The second stage copolymer was similarly synthesized from a mixture that contains the following ngredients. 
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49.9 weight percent ol the first stage copolymer, P(EA/M#1) =90/10) plus any residual monomer. 29-9 weight 
percent of MMA 19.9 weight percent of EA, 0.03% of 1 , V-ezobis(cyclohexanecart)onitrile and 0.25% of n-dodecyl 
mercaptan. The mbcture was similarly purged with argon, degassed and kept under an argon blanket The degassed 
mixture was fed through a series of filters at a maximum rate of 15 g/mm. into a CFSTR in which the final stage 
polymerization occurs to yield a molecularly misctole two stage copolymer system. A minimum of 0.5 motel UN 
(CFjjSOj),, lithium salt was added to the second stage monomer mixture prior to polymerization. The second stage 
polymerization was also carried out at temperatures ranging from 1 20 to 1 25°C. The stirring rate and pressure the 
same as that used in the preparation of the first stage pre-polymer. Unpolymerized MMA and EA monomers inti- 
mately mixed with the two stage copolymers to form a melt processable gel. M(MM u %Jt - 
(3) The two stage copolymer gel (95 wt %) was combined with 5 weight percent polyethylene glycol(200)HJi 
(meth)acrylate 0050.5% of benzoyl peroxide (initiator) and 0.05^.5% of benzoin (2-ethoxy-2-phenylacetophe- 
none, activator)- all percentages based on the total combined weight of residual monomer and crosslinket The 
entire mixture was ted into a continuous flow stirred tank mixer (CFSTM) where it was homogenized prior to being 
fed into a melt pump or extruder. The gel was extruded into a thin (50 microns) film and then irradiated with ultra 
violet light to form a dimensionally stable film. The thin film was subsequently embossed and perforated (0.1-1 _ 
micron pore) prior to being spray coated or roll coated with the previously described oligomer electrolyte. 

EXAMPLE 30 

The two stage molecularly nfecble copolymer system may also be prepared by emulsion polynwizatkxi of the 
above mentioned monomers. The initial stage copolymers comprising from 5 to 95 weight percent of M#1 and the 
remainder EA were prepared by an emulsion polymerization technique as follows: A monomer mixture was prepared, 
having EA M#1 ratio of 90:10. The mixture contained 54.9% of EA 6.1 % of M#1 . 1 .5% of n-dodecyl mercaptan. 36.7% 
of Dl water and 0.8% of a 10% aqueous sodium dodecylbenzene sulphonate solution. The monomer mixture was 
polymerized according to the following procedure. To an appropriate glass vessel equipped with stirrer, heater^reflux 
condenser, and nitrogen sparge tube, was added 97.2% of Dl water and 0.03% of sodium carbonate. The mbftorewas 
sparged for one hour with nitrogen while heating to 70»C. The sparge rate was then changed to a sweep and Z7% of 
a 1 0% aqueous sodium dodecylbenzene sulphonate solution was added to the mixture. The temperature afteraction 
vessel was then raised to 85»C. At this temperature 18.03 ml of the initiator mixture which consisted of 0.34% of sodium 
pereutfate and 99.7% of deionized water was added to the reaction vessel. The monomer mixture was then fed Into 
the reaction vessel at the rate of 7.56 ml/mrn. As the polymerization proceeded, the initiator mixture was added to the 
reaction vessel at the rate of 1 .3 ml/mm. The accumulation of solids was measured every 30 minutes. At the completion 
of the initiator and monomer addition, the mixture was held at 85 'C for one hour. The mixture was then cooled and 
stored in a polyethylene jar in preparation for the second and final stage of the polymerization. 

The final stage copolymers comprising from 5 to 95 weight percent of MMA and the remainder EA monomers and 
5 to 95 % of the first stage copolymer. P(EA- M#1 =90/10). were prepared by an in-eltu emulsion P^e^t^tech- 
nique as follows: A monomer mixture was prepared, having MMA EA ratio of 60:40. The mixture contained 37J%oJ 
MMA 24.8% of EA. 0.3% of n-dodecyl mercaptan. 36.5% of Dl water and 1.2% of a 10% aqueous sodium dodecyl- 
benzene sulphonate solution. The monomer mixture was polymerized according to the following procedure. Tb an 
appropriate glass vessel equipped with stirrer, heater, a reflux condenser, and nitrogen sparge tube.was ad^ 67*% 
of the initial stage emulsion and 321% of 01 water. The mixture was sparged for one hour with nitrogen while heating 
to 70*C. The sparge rate was then changed to a sweep. The temperature of the reaction vessel was then raisedto 
B5«C At this temperature 17.63 ml of the initiator mixture which consisted of 0.22% of sodium peraulfate and 99.78% 
of deionized water was added to the reaction vessel. The monomer mixture was then fed into the reaction vessel at 
the rate of 4.30 ml/min. As the polymerization proceeded, the initiator mixture was added to the reaction vessel at the 
rate of 1 .17 ml/min. The accumulation of solids was measured every 30 minutes. At the completion of the initiator and 
monomer addition, the mixture was held at BS'C for one hour. The mixture was then cooled, filtered and polymer 
isolated by freeze-drying. 

EXAMPLE 31 

The following demonstrates the electrochemical stability of the oligomer electrolyte made by the method of Example 
A from M#2/M#3 =90/1 0. The molecular weight from gel permeation chromatography (against a polyfmethyt methacr- 
ylate) standard) was: Mw =411 ; MJM,, =1 .222. The oligomer was complexed with lithium salt, (LKCFaSOafe) OJm/kg. 
The data was obtained by cyclic voltammetiy at a scan rate of 100 mV/s on an aluminum working electrode and lithium 
counter and reference electrodes. The aluminum electrode showed no response between 2.0 and 5.0 vote and neg- 
ligible response, reaching only 5.5 micro amps-Zcn* at 6 volts versus lithium. This is an unusually high potential limit, 
in light of the fact that 4.3 V limit is considered an overcharge or -abuse" potential for present commercial and prototype 
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LVUNiC-Os or U/UCoO, cells. "At or above 4.3 volts there are concerns about the stability of electrolytes and binders, 
as well as irreversible phase changes in the metal oxides' (J. Electrochem. Soc.. Vol 143, No. 4, April 1 996). The PEO 
or PPO polymers known to the literature will have an electrochemical stability window from 0 to about 3.7 vdte versus 
lithium; see ■Electrochemistry of Novel Materials". Frontiers of Electrochemistry Edited by Jacek Upkowski and Philip 
N. Ross; page 94, 1994 VCH Publishers, Inc Higher electrolyte stability should make the present oligomer attractive 
in combination with the high voltage (4.5 V) lithiated manganese oxide (LiMnjO^ cathode material. 

Claims 

1. An oligomer of the formula 

R,-X-{(A)q-(B r )R 



wherein 

(a) R, is C,-C 12 alkyl, C,-C 12 alkoxyalkyl, C 6 -C7 aryl or alkaryl. or HCH 2 ) n ,-COOR 3 . where m is 1 or 2. and R3 

iSSfoJi-. -SCO)-, -SpW. -NH-. -NRy. -NH-C(0)-NH-, -NRyCPJ-NRy. -NH-C<0)- O-. -MgZPh 
O-, (»R3CC(0)OR3. (>)HC-C(0)OR3. WCXCtOJORafe MRaC-CtOR*, <>)HC-C(0)rV (>)C(C(0) R^. 
-PH-. -PR3-. -P(OH?0-, -P(0 RgJ-O-. -P(0) (OHJO-. -P(0)(ORa)-0-. -0-P(OH)-0-. -0-P(0 P^-O-. -0-P(0) 

(OH)-0-, or -O-P(O) (O RaJ-O-; ' „ 

(c) (A)„ comprises polymerized units of a monomer with functionality which is capable ot complexing with 

conductive meted salts; 

(d) (B) r comprises polymerized units of a monomer, whose polymerized units are not capable of complex*^ 
with conductive metal salts; 

(e) Z is H or Re-X-; 

(fH(A)<XB)J- , when r is not 0, define either a block copolymer or a random copolymer, 
(g) (q + r) = 1 to 25. q Is 1 to 25, and r is 0 to 24. 

2. A conductive metal salt/bligomer blend of: 

(a) Irom 80 to 95 weight percent of an oligomer of the formula 

Rr^(A)qKB r )]-2, 

wherein 

(1) Ft, is C,-C 12 alkyl, C,-C 12 alkoxyalkyl, C^-Cy aryl or alkaryl, or -{CH^-COOR* where m is 1 or 2. 

ST-Jfe S2-?i(Oh -S(0)r, -NH-. -NFV. -NH-C(0)-NH-, ^tVW-NRr, -NH-C(OK>-. -NrVC 
(OVO, (>)R 3 CC(0PR3. (>)HOC(OPR3, (>)C-(C(0)OR3)* MFV^HO)^ (>)HC-C<0) R3, (>>^P) 
RaJ^H., itV. £(OH>0, -P(0 RahO-, -P(0)(OH)-0-, -P(O) (OR^O-, 0-P(OH)0. 0-P<0 Rs)<>. 
-O-P(O) (OHH>, or O-P(O) (O RgJO-; , . . 

(3) (A) q comprises polymerized units d a monomer with functionality which is capable of complexing with 

conductive metal salts; ' • 

(4) (B) f comprises polymerized units ot a monomer, whose polymerized units are not capable of complex- 

ing with conductive metal salts; 

(5) -((A) -(B),]-, when r is not 0. define either a block copolymer or a random copolymer, 

(6) ZisHorlVX- 

(7) (q + r)=1 to25,qis1 to 25, and r is 0 to 24 and 

(b) from 5 to 20 weight percent of one or more conductive metal salts. 
3. An oligomer of degree of polymerization of the constituent (meth)acrylate monomers from 1 to 25 comprising: 
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(a) from 5 to 60 weight percent of end-group units of at least one mercaptan residue R r S-, where is C r 
C 12 alkyl. C^ alkoxyalkyl, C r Cj aryi or alkaryl, or KCH^-COOR* where m is 1 or 2, and Ra is <V C 12 
alkyt 

(b) from 0 to 95 weight percent of polymerized units of at least one acrylate ester monomer of the formula 

6 

CH 2 =CH-COOCH 2 -CHR -R 2 , 

where R Is H or CH3. and where Rg is H, C r 0^ alkyl, or C 6 - 0*, aryl, alkaryl, or aralkyl; 
10 (c) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of the formula 

CH 2 =CFWXXMCH 2 -CHRO) ft - Rg. 

16 where n is 1 to 12. 

4. A conductive metal salt/dligomer blend of: 

(a) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (meth)acrylate 
20 monomers from 1 to 25 comprising: 

(1) from 5 to 50 weight percent of end-group units of at least one mercaptan residue F^-S-. where R, is 
0,-0,2 alkyl, 0,-0,2 alkoxyaikyl, Ce-Cy aryl or alkaryl, or KCH 2 )„fCOOR3, where m is 1 or 2, and is 
C-j-Cio alkyl; 

25 (2) from 0 to 95 weight percent of polymerized units of at least one acrylate ester monomer of the formula 

CH 2 =CH-COO-CH 2 -CHR -Rg, 

30 where R is H or CH 3 , and where R2 is H, C,- C^ alkyl, or Cg-Cg) aryl, alkaryl, or aralkyl; 

(3) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of the 
formula 



35 



40 



45 



60 



CH2=CR-OCXHCH 2 -CHR-O) n - R2. 

where n is 2 to 12; and 

(b) f rem 5 to 20 weight percent of one or more conductive metal salts. 

6. The blend of Claim 2 or Claim 4 wherein the conductive metal salt is a lithium salt selected from the group consisting 
of LOO* UPF 6 , UBF 4 , LHCF3SO3). and UNfCFgSO^. 

6. The blend of Claim 5 wherein the conductive lithium salt is UNfCFsSOgk 

7. An article comprising the blend of Claim 2 or Claim 4 and a membrane which allows sorption and permeation of 
the conductive sail/ oligomer blend. 

a The article of Claim 7 wherein the membrane has a non-woven structure. 
9. Acompositeof 
(a) 

55 (1) from 5 to 60 weight percent of the oligomer of Claim 1; 

(2) from 5 to 20 weight percent of one or more conductive metal salts; and 

(b) from 20 to 90 weight percent of a matrix composition comprising 
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Ml tram 10 to 100 weioht percent d a first homopolymer or copolymer having a glass *™f™* vm ']v «J 
£2? ^-average moiecuter weight d at least 20.000. d f rom 0 » "^perced d 
polymerized units d an alkyi or alkytthioalkyl ester d acrylic or methacyhc add. and ^rcmlOtolOO 
^percent d polymerized units d a pdy(alky.eneoxy) (methHoytate comonomer d the tormula 



CH-sCR-COCHCHg-CHRO)^ Rj. 



STrcJn 'lO 1 to » weight percent d a second copdymer d weight-everage rn^cuter weight at ieast 
S 000 d cSvmerized units d at least one alkyi ester of acrylic or methacfylic acid, wherein *e first 

™e coXtive metal satt/oligomer Wend is miscibie with me ^* . homoo6moT „ 

(3) trom 0 to 5 parts weight percent d a conductive lithium salt dissolved m the first homopolymer or 
copdymer d the matrix composition. 

I m 4 

10. A composited 

(a) trom 5 to B0 weight percent, d a condudive salt/ digomer blend oft 

(1) ircm 80 to 95 weight percent d an digomer d degree of polymerization d the constituent (meth) 
acrylale monomers from 1 to 25 comprising: 

(i) from 5 to 20 weight percent d end-group units of at least one mercap^resWue R,-S-. W^ Rr 
te alkyi. C,5J i alkoxyalkyl, 0.-0, aryl or alkaryl. or -(CH 2 ) n ,^OOR 3 , where m la 1 or 2, and 

A ficS 0 to'ssteight percent d polymerized units d at toast one acrylate ester monomer d the 
formula 

CHjsCH-CXX^Ha-CHR-Rj. 
r is H or CH« and where R, is H. C,- 0* alkyi. or C 6 - C» aryl. alkaryl. or aralkyl; 

i?0t™o^ 

d the formula 

CHgsCR-COO-tCH^HRO^-Rs. 

• » 

where n is 2 to 12; and 
(2) from 5 to 20 weight percent d a condudive metal salt; and 
(b) Ircm 20 to 95 weight percent d a matrix composition, the matrix composition comprising 

(1) Irom 10 to 100 weight percent d a first homopolymer or copolymer ha*ng a ^^^'.^t 
LeWU -C. and a weight-average molecular weight d at least 20.000. JPf^J^^Ern 
to W weight percent d an alkyi or alkytmioalkyl ester d acrylic or methacrylic acW^andlOto 100 weight 

pWTpo^ 

CH 2 =CR-COCKCH 2 -C HR < ) )p- 

T!^o ti^ weight percent d a second copdymer d weight-avemge rr«k^^ 

S^d p^"e? nJ d at teas, one alkyi ester d acrylic or methacrylic add. .^me first 

mTcSSuTJe m^sa™ digomer blend is miscibie with the matrix composrton; and 
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(3) from 0 to 5 weight percent of a conductive lithium salt dissolved in the first homopotymer or copolymer 
of the matrix composition. 

11. The composite of Claims 9 or 1 0. wherein at least one of the first homopofymer or copolymer or second copolymer 
of the matrix composition are cross-linked. 

12. The composite of Claims 9 or 10. wherein the composite is an admixed blend of the conductive metal salt/oligomer 
blend and the matrix composition. 

13. An article formed from the composite of Claims 9 or 10, wherein the conductive metal salt/oligomer blend is en- 
capsulated within the matrix composition. 

14. An article formed from the composite of Oakns 9 or 1 0, wherein the conductive metal salt/oHgomer blend is layered 
to a film or sheet formed Irom the matrix composition. 

16. A process for the preparation of a conductive metal salt/bligomer blend of: 

(a) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (meth)acrylate 
monomers from 1 to 25 comprising: 

(11 from 5 to 50 weight percent of end-group units of at toast one mercaptan residue RrS-. whew R, te 
C,-C 12 alkyl. C,-C na alkoxyalkyl. C^-Cy aryl or alkaryl. or -(CH^-COORa. where m is 1 or 2, and Rs is 

Slrornllto'gs weight percent of polymerized units of at least one acrylate ester monomer of the formula 

CH 2 =CH-COO-CH 2 -CHR-R2, 

where R is H or CH 3 . and where t^ Is H, C^ alkyl. or C r C* aryl, alkaryl, or aralkyl; 

(3) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of the 

formula 

CHjsCfrCOCKCHj-CHROJ^-Ra. 

where n is 2 to 12; and 
(b) f rom 5 to 20 weight percent of a conductive metal salt, the process comprising: 

(1) drying the conductive metal salt to remove water; ^ . , __. r[ w¥wrH j«Miwft . 

(2) passing the at least one (meth)acrylate ester monomer of the formula CH^CR^CO-tCHa-CHFI-O),, 
R* where n is 2 to 12. through at least one column of activated alumina or molecular ernes; 

S admixing the conductive metal salt, the at least one acrylate ester r^en^theat ^^(meth) 
acrylate ester monomer with an alkyl mercaptan R n -SH. where R, « Cj-C,, alkyl. C£m» f e "* a ™> f* 
C? aryl or alkaryl. C^-Cj aryl or alkaryl. or KCH^-COORg. where m »1 or2.andR 3 isC 1 -C 12 alkyl. 

(4) subjecting the admixture to a free-radical polymerization process; and 

(5) removing ariy volatile residues by vacuum devotetUization. 

16. The process of Claim 15 wherein the polymerizatkxt process is continuous. 

17. An electrolytic cell comprising an anode, a cathode and a conductive electrolyte comprising a conductive sail/ 
oligomer blend ot 

(a) from 80 to 95 weight percent of an oligomer of the formula RrX^A^B^Z. wherein 

(1) R, is C,-C 12 alkyl. C, -C 12 alkoxyalkyl. C^ aryl or alkaryl. C,-C 12 alkoxyalkyl. CfCj aryl or alkaryl. 
oMCHsU-OOOR*. where m to 1 or 2, and Rs Is alqrt; 

5) -X- te^K -S-^Oh -SfOfc-. -. -NH-. -NR3-. -Nl+C<OH>IH.. -NR^CPHJR,-. -NH-C<OK>.. -NfVC 
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(OVO-, (>)R 3 CC(0)OR3. (>)HC-C(0PR3. (>p&{OlpRfo {>)*&C(0)H* (>)HC^(0)Ra. (>)C-(C<0) 
Rg)2, -PH-, -PR^, -P(OH)-0-, -P(OR3)-a, -P(0) (0H)O, -P(0)(0R3K>-, -O*(0HK>. <yP{0H^O t 

-0-P(0) (OH)-O-, or -O-P(O) (O RaJ-O-; . u ■ 

(3) (A) q comprises polymerized units of a monomer with functionality which is capable of complexing with 

5 conductive metal salts; . 

(4) (B) r comprises polymerized units of a monomer, which polymerized units are not capable of complexng 

with conductive metal salts; 

(5) Z is H or R,-X-; 

(6) -t(A) q -(B) r ]-, when r is not 0. define either a block copolymer or a random copolymer, 
io (7)(q + r)=1 to25,qis1 to 25, and r is 0 to 24. and 

(bj Irom 5 to 20 weight percent of one or more conductive metal salts. 

• < 

18. An electrolytic cell comprising an anode, a cathode and a conductive electrolyte comprising an oligomer of degree 
ts of polymerization ot the constituent (meth)acrylate monomers from 1 to 25 comprising: 

(a) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R,-S-, where R, is C,- 
C 12 alkyl, C,-C, 2 alkoxyalkyl, C^C? aryl or alkaryl, or -(CH^-COOR* where m is 1 or 2, and R3 is C,-C, 2 alkyl; 

(b) from 0 to 50 percent by weight of polymerized units of at least one acrylate ester monomer of the formula 
20 CHrCH-CfOO-CHa-CHR^, where R is H or CH 3 , and where Rj is H, C,^ alkyl. or C 6 <^o aryl, alkaryl. or 

aralkyl; 

(c) from 0 to 95 weight percent of polymerized units of at toast one (meth)acrylate ester monomer of the formula 
CH^CR^OOtCHg-CHR-OJn-Rg, where n is 2 to 1 2. 

25 19. An electrolytic cell comprising an anode, a cathode and a conductive electrolyte comprising a conductive salt/ 
oligomer blend of: 

(a) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (meth)acryla!e 
monomers from 1 to 25 comprising: 

(1) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R,-S-, where R, is 
0,-0,2 alkyl, 0,-0,2 alkoxyalkyl. C 6 -Ct aryl or alkaryl, or -(CH 2 ) m -<X>OR 3 . where m is 1 or 2. and R3 is 

C,- C, 2 alkyl; . . 

(2) from 0 to 95 weight percent of polymerized units of at least one acrylate ester monomer of the formula 



35 



CH 2 =CH<XX>CH 2 -CHR -Rg. 



where R is H or CH 3 . and where R2 is H, C,- alkyl. or C* - Cjq aryl, alkaryl. or aralkyl; 
40 (3) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of the 

formula 



OH 2 =CR^CXXCH2-CHR-O) n -R2, 
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where n is 2 to 12; and 
(b) from 5 to 20 weight percent of one or more conductive metal salts. 

■ » * 

so 20. An electrolytic cell comprising an anode, a cathode and a conductive electrolyte comprising a composite of (a) 
from 5 to 15 weight percent of 

(a) a conductive salt/ oligomer blend of: 

65 (1 ) from 80 to 95 weight percent of an oligomer of degree of polymerization of the constituent (meth) 

acrylate monomers from 1 to 25 comprising: 

(i) from 5 to 50 weight percent of end-group units of at least one mercaptan residue R,-S-, where R, 



EP 0 821 368 A2 

is 0,-0,2 alkyl, C,-C 12 alkoxyalkyl , 0*0, aryl or alkaryl, or KCHg^-COORa, where m is 1 or 2, and 
R3 is C n -C 12 alkyt 

(ii) from 0 to 95 weight percent of polymerized units of at least one acrylate ester monomer of the 
formula 

5 

CH 2 =CH-CXX>CH 2 -CHR -Rg, 

where R is H or CH 3 , and where Rg fe H.C,- C^ alkyl. or C 6 -C2o aryl, alteryl, or aralkyl; 
10 (iif) from 0 to 95 weight percent of polymerized units of at least one (meth)acrylate ester monomer of 

the formula 



CHgsCR-COO-tCHg-CHRO)^, 



15 



where n is 2 to 12; and 
(2) from 5 to 20 weight percent of one or more conductive metal salts; and 
20 (b) from 20 to 95 weight percent of a matrix composition, the matrix composition comprising 

(1) from 10 to 100 weight percent of a first homopolymer or copolymer having a glass temperature, Tg, of 
below -35 D C., and a weight-average molecular weight of at least 20,000, of polymerized units of from 0 
to 90 weight percent of an alkyl or alkylthioalkyl ester of acrylic or methacrylic acid, and 10 to 100 weight 

25 percent of polymerized units of a poly(alkyleneoxy)(meth)acrylate comonomer of the formula 

CHg^FWXXMCHg-CHR-OJp-Rg, 

30 where p is 1-1000; ~ ~« 

(2) from 5 to 80 weight percent of a second copolymer of weight-average molecular weight at least 30,000, 
of polymerized units of at least one alkyl ester of acrylic or methacrylic acid, wherein the first homopolymer 
or copolymer and the second copolymer of the matrix compositiOT are miscible, and wherein me con 
tive salt/ oligomer blend is miscfole with the matrix composition; and 

55 (3) from 0 to 5 weight percent of a conductive lithium salt dissolved in the first homopolymer or copolymer 

of the matrix composition. 

21. A process for preparing the battery of Claim 20, comprising 

40 (a) polymerization of the monomers which form the first homopolymer or copolymer in a constant flow stirred 

reactor to at least 65 % conversion; 

(b) transfer of the first homopolymer or copolymer to a stirred reactor; 

(c) admixture with the monomers which form the second copolymer; 

(d) polymerization of the monomers which form the second copolymer to at least 65 % conversion; 
45 (e) transfer of the admixture of first homopolymer or copolymer and second copolymer to an extruder, 

(f) extrusion of the admixture in the form of a 6heet or film; 

(g) application of the conductive salt/ oligomer to at least one surface of the extruded sheet or film; 

(h) after extrusion but prior to, simultaneous with, or following the application of the conductive salt/ oligomer, 
perforating the film to allow the conductive salt/ oligomer controlled access to both sides of the sheet or film; 

50 (i) conducting the oligomer-coated film between the anode and cathode of an electrolytic cell article. 

22. The process of Claim 21 , further characterized in that 

(a) at step (c) of Claim 21 , a photosensitized initiator and a polyf unctional polymerizable monomer are added 
55 to the mixture of monomers; 

(b) after step (f) of Claim 21. the extrudate is illuminated with light sufficient to cause crosslinWng by polym- 
erization of the polyfunctbnal polymerizable monomer. 
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